The aim of this study is to develop a scoring rubric to assess primary school students' problem posing skills. The rubric including five dimensions namely solvability, reasonability, mathematical structure, context and language was used. The raters scored the students' problem posing skills both with and without the scoring rubric to test the reliability of the rubric. The study used generalizability theory to test the reliability of the scores obtained with and without the use of the rubric. More reliable scoring was obtained using the scoring rubric. The G and phi coefficients rose somewhat after increasing the number of items and raters in both scoring methods. However, increasing the number of items affected these coefficients slightly more than increasing the number of the raters.
INTRODUCTION
Today, individuals are supposed to get more prepared to cope with the demands of the century since information is increasing rapidly everyday, and it is inevitable for people to include technological, technical, and procedural instruments into the daily life routine. One of the essential elements of being well educated is to be capable of solving problems successfully. In this context, many studies and research findings emphasize the importance of problem solving (Beyazit, 2013; Jonassen, 2000; NCTM, 1989 NCTM, , 1991 NCTM, , 2000 NCTM, , 2004 Polya, 1957 Polya, , 1973 Schoenfeld, 1985 Schoenfeld, , 1992 Xin, 2007) . It is highly probable that problem solving and the importance attributed to it having a large part in the relevant literature has influenced education specialists, researchers and particularly teachers and so led to the inclusion of many problem solving activities in learning environments. Likewise, it would make a greater contribution to learning and reasoning to tackle problem solving activities in a more creative way, especially in the contexts which are non-routine (Sakshaug & Wohlhuter, 2010) . The attainments obtained from the routine or non-routine problem solving activities in the school environment can also be used to solve daily life problems (Singer & Voica, 2013) . However, these problems (particularly the problems individuals face in daily life) may not be structured neatly as in textbooks. Real life problems are usually complicated, and they generally require description and reformulation. As Kilpatrick (1987) states, most real life problems are created and then solved by individuals. In other words, the members of the dynamic societies today should be able to adapt to new situations that cannot be anticipated, change their jobs and residences and continue their careers in different professions. Being capable of describing and formulating mathematical problems greatly help this type of individual to make good decisions (Singer & Voica, 2013) . In other words, there is a need for individuals who can successfully pose problems in addition to those who can successfully solve them. For this reason, many researchers handle problem solving and problem posing as integrated skills that support each other (Cifarelli & Sevim, 2015; Kilpatrick, 1987; Silver, 1993 Silver, , 1994 . "Under certain conditions, problem posing includes students' posing (writing) problems as well as changing the current problem and creating new problems based on it" (Cankoy & Darbaz, 2010, pages 11-12) .
Although education specialists and researchers attribute more importance to problem posing today, it has a smaller share in classroom activities than the traditional problem solving practices (Chang, 2007; English, 1998; Lowrie, 1999 Lowrie, , 2002a Lowrie, , 2002b NCTM, 1989 NCTM, , 2000 Silver, 1994 Silver, , 1995 Stoyanova, 2003) . Many researchers argue that problem posing activities make a contribution to students' problem solving skills and mathematical thinking (Silver, 1994; Stoyanova, 2003) , which makes it essential for problem posing to have a larger role in classroom learning activities (Akay, 2006; Van Harpen & Presmeg, 2013; Knott, 2010) . Although problem posing is becoming more and more important, there are not many studies that specifically focus on the quality of problems posed by students and the ways of reasoning they use when posing problems. For this reason, many education specialists and researchers stress that there is a need for studies analyzing the problem structures created by students (English, 1997 (English, , 2003 Kilpatrick, 1987; Singer, Ellerton & Cai, 2013) . The current study is
State of the literature
• Successful problem posing means successful problem solving. So, problem solving and problem posing are considered as integrated skills that support each other.
• Although many researchers emphasize problem posing, there is a lack of classroom activities in line with problem posing.
• Previous studies have mainly focused on the quantitative aspects of the problems created by students.
Contribution of this paper to the literature
• Problem posing can be assessed more effectively by using an analytical scoring rubric.
• The scoring rubric suggested can especially enable researchers and teachers to assess the qualitative aspects of problems posed by students.
• The generalizability theory is suggested in ensuring the reliability of similar scoring rubrics.
important since it examines the reliability of a scale developed by the researchers to measure especially the qualitative aspects of the problems posed by students.
RELATED LITERATURE

The Importance of Problem Posing
Problem posing is an activity that involves cognitive practices focused on reasoning and that challenges the individual (Cai & Hwang, 2002) . Silver (1994) and Stoyanova (2000) claim that problem posing can be tackled in five different ways: (1) posing a problem in a free way, (2) posing a problem with an answer already given to it, (3) posing a problem based on certain conditions, (4) creating questions about a problem situation, and (5) posing a problem based on the given mathematical operations in it.
Posing a problem under certain conditions or reorganizing an existing problem requires a considerable degree of cognitive effort and positively affects mathematical development Doyle, 1983) . Problem posing is not only a learning activity but it also improves students' conceptual understanding, enhances their mathematical communication skills, interests them in mathematics and their environment and gives them the opportunity to use creativity (NCTM, 1991) . From another perspective, problem posing can be described as the effort to analyze and solve an existing problem by tackling it in sub-problems (Polya, 1957) . In this context, successful problem posing also means successful problem solving (Cai & Hwang, 2002) .
Assessing Problem Posing
Problem posing is very important in mathematics and in real life, which highlights the need to assess this skill effectively. A review of the relevant literature on problem posing skills reveals that the most obvious question is whether or not a posed problem is solvable (English, 1997; Ergün, Gürel and Çorlu, 2011; Kilpatrick, 1987; Leung & Silver, 1997; Silver & Cai, 1996) . Leung and Silver (1997) conducted a study which stresses the solvability of a problem that is posed based on the third dimension ("impossible to solve") and the fourth dimension ("insufficient information") of a five-dimension scale which was created to classify the problems posed by students. Although a posed problem may look solvable using the given information, the information given and the answer may be unreasonable and have a structure that cannot be used in real life. For this reason, many researchers indicate that the reasonability of a posed problem should also be measured English, 1998; Mestre, 2002; Silver, 1994) . Mathematical structure, or the algebraic format, of a problem may make it more difficult to solve (Koedinger & Nathan, 2004) . In this context, the mathematical structure of a problem can be used as an important measure for the quality of that problem (Işık & Kar, 2015; Koedinger & Nathan, 2004; Riley & Greeno, 1998; Van Harpen & Presmeg, 2013) . Relevant studies indicate that posed problems can also be assessed by their context (Singer, Ellerton & Cai, 2013; Van Harpen & Presmeg, 2013) and the language used in the problem (English, 1998; Van Harpen & Presmeg, 2013) in addition to their quantitative and solution-based aspects.
Briefly, a posed problem can be assessed for its (1) solvability, (2) reasonability, (3) mathematical structure, (4) context and (5) language. The current study aims to determine the reliability of a scale that uses this rubric to assess posed problems in qualitative terms.
The relevant studies found that using scoring rubric reliably assess the peculiarities of human being such as problem solving skill (Büyükkıdık, 2012; Hızarcıoğlu, 2013; Sefer, 2006) , writing composition skill (Beyreli and Arı, 2009; Çetin and Kelecioğlu, 2004; Ömür and Erkuş, 2013; Novak, Herman and Gearhart, 1996) , achievement on written examinations administered in the Turkish Language and Literature course (Kan, 2005) , open-ended mathematical problems (Güler and Gelbal, 2010) , proportional reasoning skill (Akkuş and Paksu, 2006) graphic reading skill (Atmaz, 2009) , achievement in the Science course (Aytaç, 2006; Eser and Gelbal, 2013; Marzano, 2002) , English writing skill (Kayapınar, 2014) , achievement on grammar and reading comprehension (Kan, 2007) and cello playing performance (Birel, 2014) .
There are few studies focused on the assessment of problem posing skills. Işık and Kar (2015) analyzed the semi-structured problems created by sixth graders, and in a similar way to the current study, they examined the main mathematical structure and language dimensions of the problems. Van Harpen and Presmeg (2013) created a rubric to assess the problem posing skills of American and Chinese high school students, and similarly, tried to describe routine and non-routine problem contexts. Cai et al. (2013) used a scoring rubric to assess students' problem posing skills with the purpose of revealing the effect of the middle school mathematics curriculum, and the two dimensions of that rubric are similar to the current study's solvability and context dimensions. Ergün, Gürel and Çorlu (2011) analyzed the understandability of problems, problems' suitability with physics principles, problems' structures, the number of the questions asked, types of problems and their solvability dimensions and also developed a rubric. They used classical test theory to test their scoring rubric's reliability. The current study determined the problem posing dimensions in a new and a different way than the way Ergün, Gürel and Çorlu (2011) utilized, and used generalizability theory as it anticipated reliability better. G studies are conducted to classify measurement errors by specific sources of variation (Brennan, 2001; Crocker & Algina, 1986; Güler, Uyanık & Teker, 2012; Shavelson & Webb, 1991 (Bottema-Beutel, Lloyd, Carter & Asmus, 2014) .
Generalizability theory is usually performed in two stages while conducting research.The first stage is Generalizability (G) Study. At this stage reserachers work on to what extend the observations represent or desciribe the population. Second stage is the Decision (D) Study where the observations are used to get the most reliable measures and to decide on the best measurement desing (Easton,1989) . "In the G-Theory framework, the object of measurement can be crossed with different facets" (Naumenko, 2015: 5) . In the current study, a two facet individual x item x rater (in x i x r) desing was used. In the current study since the problems posed by each student are scored by each rater at this measurement process all variance sources are crossed with each other. In such desings the variance components in line with scorer variance sources are expected to be close to zero. This reveals the consistency amongst the raters (Güler, Uyanık ve Teker, 2012) .
The current study aimed to determine the changes in the reliability level of primary school students' problem posing skill scores given by same raters with and without the use of the developed scoring rubric. The current study also examined to what extent more raters and items affect reliability.
METHODOLOGY
The current study examined the reliability of assessing primary school students' problem posing skills with and without the use of the developed scoring rubric. Three pre-service teachers scored the problems posed by 25 students (three problems by each student) based on the free problem posing approach without using the scoring rubric and then using the rubric developed by the researchers. Then, the current study compared the reliability of the scores using both approaches. Generalizability theory was used to determine reliability.
Study Sample
The sample of the current study included the fifth graders studying in Çağlayan Cumhuriyet Primary School in Nicosia, Northern Cyprus, in the 2012-2013 academic year. The school is located in a district where the families of the students are at an intermediate socioeconomic level. The three pre-service teachers who scored the students' problem posing were also included in the current study sample.
The current study data were collected using two different methods. Each of the 25 students posed three problems using the free problem posing approach (in other words, any way they wanted), and the posed problems were scored by the same raters, first without the scoring rubric and then with the scoring rubric. The researchers gave a briefing to the raters on how to use the scoring rubric they created to score the problems. The researchers took being easily accessible and having high motivation into consideration when selecting the pre-service teachers as raters.
Preparation and Development of the Scoring Rubric
In the current study, 25 primary school students were asked to pose three questions any way they desired. The problems posed by the students were scored by three pre-service teachers without the scoring rubric (as shown in Table 1 ) and then using the developed rubric.
The five-dimensional scoring rubric for problem posing skills is based on the threedimensional scale developed by Cankoy (2014) with the purpose of measuring the problem posing skills of the students in the sample. In the development of the scoring rubric, the researchers evaluated the steps suggested by Beng (2008) , Taggart, Phifer, Nixon and Wood (1998) , Goodrich (2000) and Nitko (2009) , and followed these stages:
1. The problem posing skills expected from the students for the problem posing skill were determined based on a review of the relevant literature. In this context, the current study asserted (1) solvability, (2) reasonability, (3) mathematical structure, (4) context and (5) language dimensions. The subject handled by the problem is in a form frequently used by teachers in classrooms, and in a structure frequently seen in textbooks.
0
Non-routine
The subject handled by the problem is distant from the forms used by teachers in classrooms, and in a unique structure that is rarely seen in textbooks.
Language
Clarity-Understandability
The language used in the problem is very clear, understandable and fluent. 1
The language used in the problem is not clear, understandable and fluent. 0
Obeying grammar rules
The problem completely obeyed the grammar rules to express the question. 1
The problem partly obeyed or did not obey grammar rules at all to express the question. 0 2. After determining the dimensions, the researchers also identified the subdimensions of each dimension and decided that the scoring could be done using one and zero points. 3. For the current study's scoring rubric, the researchers consulted the opinions of mathematics teaching experts and assessment and evaluation experts. 4. The pre-service teachers conducted a pilot study with the scoring rubric and then revised it.
Process
1. Scoring without the rubric: Three pre-service teachers independently scored the problems posed by 25 fifth graders using a holistic approach, where the pre-service teachers scored the students' problem posing skills without using a rubric. In this practice, the three problems posed by each student were scored separately. The preservice teachers were asked to score each question from 0 to 6, and the total score of each student was calculated by adding these points. 2. Scoring with the rubric: Three pre-service teachers independently scored the problem posing skills of 25 fifth graders using the scoring rubric developed by the researchers. A review of the relevant literature on problem posing indicated that a posed problem should be evaluated for its: (1) solvability, (2) reasonability, (3) mathematical structure, (4) context and (5) language. Accordingly, the scoring rubric was developed as shown in Table 1 . Thus, scores for any problem posed could be ranged from a minimum score of 0 to a maximum score of 6. The researchers added the points given by the raters for the three problems posed by each student and calculated the means. See Table 2 for sample problems posed by the students. Figure  1 shows a sample problem scored by a rater using the rubric. Expression in the boxes are English translations of the hand writings. The sentences in italics are the translated versions of the problems posed.
Data Analysis
The data were analyzed using the Edu-G program in conjunction with generalizability theory using the variance components found by the current study. Using the generalizability theory, which is mainly based on ANOVA, it is possible to find the percentage of the total variance by the sources of variation described in the study collectively and individually. The current study calculated the generalizability and reliability coefficients using completely crossed patterns with two variables (individual x item x rater). The current study also did a Kstudy based on generalizability theory addressed to different alternatives, and calculated the G and Φ (phi) coefficients for the reliability of the scoring. Table 3 shows the variance components and the percentages of explaining total variance of the results of scoring 25 students' problem posing skills without using a rubric by three preservice teachers. It is found that the highest variance was 24.4% by the raters, followed by 16.9% by individuals and concluded with 0.0% by the items. Individual x item (in x i) common effect explained 24.4% of the total variance. This finding shows that raters give different scores to different items when they do not use a scoring rubric. Individual x rater (in x r) common effect explained 9.7% of the total variance. Thus, raters did not give very different scores to different individuals. Item x rater common (i x r) effect explained 0.0% of the total variance. This shows that raters did not give different scores to items, but gave scores close to each other. Individual x item x rater (in x i x r) common effect explained 23.5% of the total variance.
FINDINGS AND DISCUSSION
Scoring Without the Scoring Rubric
The reliability coefficient, which was calculated according to the generalizability theory, was found to be 0.43. This finding shows that scoring without a rubric has low reliability in comparison to scoring with the developed rubric. Table 4 shows the variance components and the percentages of explaining total variance of the results of scoring 25 students' problem posing skills using a rubric by three pre-service teachers. It is found that the highest variance was 31.6% by the students, items had 3.4% and raters explained the least variance with 0.1%.
The Reliability of Scoring with the Rubric
The variance component of the students explains the total variance at a high rate, which shows that students differ in their problem posing skills. This is consistent with the findings of the studies by Büyükkıdık (2012) and Kan (2007) . However, it differs from the current study findings of Eser and Gelbal (2013) . Eser and Gelbal (2013) found a higher variance for the item variable. The variance component anticipated for the item variable had a low percentage of explaining the total variance, which means that the three problems posed by each student were at the same level and did not differ. The variance component anticipated for the raters had a very low percentage of explaining the total variance, which means that the consistency among the raters was very strong. This finding is similar to the findings of Büyükkıdık (2012) and Güler and Gelbal (2010) .
Individual x item common effect explained 26.9% of the total variance. This shows that the interaction between the student and the question is an indicator of the change in students' performances in each question. Therefore, students' performances differed by question. This finding is not consistent with the findings by Büyükkıdık (2012) , Eser and Gelbal (2013) , and Kan (2007) . Individual x rater common effect explained 5.8% of the total variance. This shows that raters did not give very different scores to the problems. In other words, the raters' scores did not differ by student. This shows the difference between the individuals regarding their performance. Thus, individual differences can be determined using the scoring rubric. Item x rater common effect explained 0.0% of the total variance, which shows that raters did not score the items differently, but gave similar scores. This finding is similar to the research findings of Kan (2007) . Individual x item x rater collectively explained 32.2% of the total variance. This rate may be an indicator of the fact that individual x item x rater effect and/or coincidental errors may be on a large scale. This finding is consistent with the research findings of Eser and Gelbal (2013) and Kan (2007) . It is desirable for the variance of the residue component to be as low as possible (Güler, Uyanık and Teker, 2012: 76) . The reliability coefficient calculated according to the generalizability theory was found to be 0.67. This shows that scoring with a rubric is more reliable. This finding is consistent with other research findings (Novak, Herman and Gearhart, 1996) .
Reliability and Phi Coefficients Anticipated by Alternative Decision Studies
In the (in x i x r) pattern used in the current study, three raters scored each of 25 students using a rubric based on three items, and it was anticipated that the G coefficient was 0.69 and the Phi coefficient was 0.67. Table 5 shows that increasing and reducing the number of items affected the G and Phi coefficients more than increasing and reducing the number of raters. When the number of items is stable, and one item is added (p=3, m=4), the G coefficient is 0.74, an increase of 0.05. When the item number remains the same, and one rater is added (m=3, p=4), the G coefficient is 0.71, an increase of 0.02. This shows that increasing the number of items leads to an increase in reliability. For instance, when the number of raters is stable (p=3) and the number of items is increased to 7, the G coefficient reaches 0.81.
Scoring without a rubric gives the same result. When the number of raters is stable, and one item is added (p=3, m=4), the G coefficient increases from 0.54 to 0.59. When the number of items is stable, and one rater is added (m=3, p=4), the G coefficient is 0.56. In this case, increasing the number of items also leads to an increase in reliability. For instance, when the number of raters is stable (p=3), and the number of items is increased to 7, the G coefficient reaches 0.68. When a rubric is used for measurement, raters explain 0.1 of total variance, and the item dimension is 3.4. Therefore, increasing the number of items increases reliability more effectively. These findings are also consistent with the findings of Güler and Gelbal (2010) . However, they contrast with the findings of Büyükkıdık (2012) . According to Büyükkıdık (2012) , increasing or reducing the number of raters by 2 had a greater effect on G and Phi coefficients than increasing or reducing the number of tasks.
CONCLUSIONS AND SUGGESTIONS
Conclusions
The current study aimed to determine the reliability of scoring fifth graders' problem posing skills with and without the use of scoring rubric, and it was found that scoring with a rubric was more reliable. Additionally, it is possible to say that the use of a scoring rubric increases inter-rater reliability as well as revealing the differences amongst individuals (students). In both scoring methods, the G and Phi coefficients partially increased when the number of items and raters were increased. However, increasing the number of items increases the coefficients slightly more effectively than increasing the raters. Since the items written by the students were similar, it was concluded that increasing the number of items does not increase reliability. 
Suggestions
Using the scoring rubrics at performance evaluation is particularly important in terms of reliability. Scoring rubrics are necessary especially in measuring students' performance based on skills such as problem posing. The scoring rubric developed by the researchers of the current study can be used to assess problem posing skills. When measuring students' problem posing skills, students should be asked to pose more than seven problems to increase the reliability of the measurement items. Future studies can be conducted considering other problem posing models like semi-structured and structured problem posing. Future studies should investigate the effectiveness of using the rubric developed in the current study in teaching problem posing.
